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[57] ABSTRACT

A portable and mobile multi-stage filtering system is
disclosed capable of filtering particulate of the size of
one micron. An external canister filter capable of filter-
ing down to at least 0.5 microns is connected to and
located external to the cabinet of the airtight filtering
system. The cabinet contains a centrally located high
speed motor driving a high capacity vacuum pump
completely surrounded by thermal and acoustical insu-
lation. The air filtering path includes a plurality of baf-
fles defining a serpentine path for exhausting the air into
a series of plenums of increasing volume which commu-
nicates with a ULPA filter capable of filtering down to
0.12 micron. The plenums are also surrounded by
acoustical and thermal insulation which has the effect of
lowering the noise of the filtering system and increasing
the efficiency of the total system.

13 Claims, 4 Drawing Sheets
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1
POINT ONE MICRON FILTERING SYSTEM

This invention relates to a portable mobile sub-
micron filtering system, and more particularly to a laser
smoke filtration system capable of removing all laser
smoke constituents including viable micro-organisms
down to a previously unobtainable size of 0.12 microns
and at an efficiency rating of 99.9999%.

This invention was conceived primarily to protect
operating personnel such as doctors, dentists and the
like, who are using laser technology in operating room
environments which places the operating personnel in
the presence of micro-organisms that could seriously
effect the health and safety of all personnel in the area.

The value of laser technology has become increas-
ingly more valuable to the medial profession in such
fields as gynecology, cervical dysplasia, venereal warts,
endometriosis, fallopian tube procedures and vulvecto-
mys.

In the field of dermatology, laser procedures have
been used to remove stains, tattoos, treat fungal condi-
tions, and also the removal of birth marks. Lasers are
also being used in podiatry for fungal nails, plantars
warts, bunionectomys, and neuroma removal. Brain
tumors are also being removed by lasers in neurosur-
gery, and lasers have been used in endotracheal growth
vaporization, and for the removal of carcinoma of the
larynx in the pulmonary field.

Unfortunately, the use of laser surgery is also accom-
panied by the generation of large amounts of smoke and
heat from irradiated tissues. In a study conducted by the
Department of Otolaryngology and Public Health of
Kurume University, Kurume, Japan, it was found that
when there was complete vaporization of one gram of
tissue, smoke particles were fifty-two times higher than
the environmental standards regulated by their govern-
ment agencies.

It would appear therefore, that without special pro-
tective measures being taken during operating room
procedures using laser surgery, that pollution and
smoke induced by laser irradiation could rise to an un-
acceptable level.

During laser surgery, operating room personnel are
also concerned with being exposed to the HPV virus
(human papillosa virus) which is presently in epidemic
form in this country.

It is well known that when utilizing laser surgery, the
intense heat destroys the molecules being treated, and
that the virus attached to the molecules are immediately
dispersed throughout the air thereby presenting a ha-
zard to the operating personnel in the immediately vi-
cinity.

The present invention is predicated on the principle
that a virus by itself does not free-float in air and that an
HPV virus has a diameter of approximately 0.045 mi-
cron or 45 nanometers in size. For virus to be viable it
has to attach itself to a cell or a fragment of a cell in
order to exist.

The present invention will filter and trap fragments as
small as 0.12 micron. In this way operating room per-
sonnel using laser surgery techniques are protected
from contact with harmful HPV virus and any other
virus that may attach to a DNA cell or fragment of a
cell. -
There is disclosed a portable mobile vacuum filtering
system having a plurality of stages of filtration for de-

S

2

tecting and trapping particulates roughly the size of 0.1
micron.

It is necessary for systems of this type to be small and
portable, and they must be extremely powerful to de-
velop the necessary suction flow for the plurality of
filters necessary to perform the 0.1 micron filtration,
and last but not least, the system must be quiet and

- efficient since by necessity it is located within the oper-
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ating room where the doctors and other operating per-
sonnel are working.

The invention comprises a multi-stage filtering pro-
cess consisting of a canister filtering cartridge for filter-
ing out smoke and larger size particulates feeding a
self-contained structure containing an ULPA (Ultra
Low Penetration Air) filter.

The central cabinet section contains a thermally and
acoustically insulated centrally located high speed
motor connected to and driving a high capacity vacuum
pump.

The ULPA filter is located within an airtight struc-
ture, and is adapted to receive air from the pressure side
of the vacuum pump. A plurality of acoustically insu-
lated baffles are located within the airtight structure
between the vacuum pump and the ULPA filter and
forms a serpentine path for the filtered air from the
vacuum pump to the ULPA filter. A plurality of air
exhaust ports are located in the airtight structure in
close proximity to the discharge area of the ULPA filter
for exhausting filtered air back to the room atmosphere.

The system is used by having an operator or nurse
hold a flexible hose having an open end which is main-
tained in close proximity to the source of particulate
being generated by the laser activity. The other end of
the flexible hose is connected to a filter cartridge lo-
cated outside the cabinet structure where it is easily
accessible to be removed and destroyed without having
to open the structure to access the ULPA filter.

A typical canister filter is usually rated at being ap-
proximately 99% efficient at 0.5 micron. A typical can-
ister filter is shown and described in U.S. patent applica-
tion Ser. No. 148,338 entitled “Laser Smoke Particu-
late-Odor Filter System” invented by the same inven-
tors of the present invention and assigned to the same
assignee. |

The other end of the disposable canister filter is con-
nected by means of a second flexible tube to the vacuum
stde of the high capacity vacuum pump located in the
structure.

In operation, the disposable canister filter which is
external to the cabinet structure provides a pre-filtering
action and is easily disposable thereby providing odor
control and particulate control of particulates having a
size of approximately 0.5 micron and in this way, pro-
tecting and extending the life of the 0.12 micron ULPA
filter .

The acoustically insulated baffles provide a serpen-
tine path for the filtered air path that acoustically re-
duces the sound level of the system and improves the
efficiency of the ULPA filter. The serpentine paths of
the baffles open the air path at each turn into an increas-
ing larger size plenum chamber prior to reaching the
ULPA filter. The net result is less acoustical noise, and
a more efficient filtering action by the ULPA filter.

Increasing the volume of each plenum chamber re-
duces the velocity of the air and allows the volume of
air in the filtering path to expand thereby reducing noise
and improving the efficiency of the ULPA filter.
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Further objects and advantages will be made appar-
ent by referring now to the accompanying drawings
wherein:

FIG. 1is a perspective drawing of the complete mul-
ti-stage filtering system;

FIG. 2 is a cross-sectional view of the air filtering
path within the structure; |

FIG. 3 1s an exploded view of the air baffles and the
ULPA filter illustrating the expansion chamber for the

filtering air path;

FIG. 4 is an elevational view of the high speed motor
and high capacity vacuum pump and the separate cool-
ing-paths needed to maintain a stable thermal condition;
and

FIG. S 1s a plan view illustrating the separate cooling
paths for cooling the high speed motor and electrical
controls.

Referring now to FIG. 1, there is shown a complete
self contained portable and mobile filtering system 10
comprising a lower storage portion 12 located on a
plurality of casters 14 and an upper section 16 having a
center portion 18 and an upper portion 20.

The lower portion 12 contains a storage area 21 suit-
able for holding additional filter canisters and other
supplies.

The center portion 18 is fixedly attached to the upper

10

13

20

235

cabinet 20 and holds an external filter canister 22 in a

removal relationship by means of a pair of brackets 24.

One end 26 of canister 22 is connected to a flexible
hose 28 having an end portion 30 that is adapted to be
placed in close proximity to the particulate being cap-
tured and filtered. The other end 32 of canister 22 is
connected to a second flexible tubing 34 which is con-
nected to the vacuum end 36 of a high capacity vacuum
pump located within the structure 18.

Structure 18 also contains suitable electrical controls
such as an on/off switch 36 and a variable rheostat 38
together with louvers 40 for allowing cooling air to exit
from within the structure 18. As will be described later
in connection with FIGS. 4 and 5, the cooling air used
to maintain thermal equilibrium of the motor and the
pump is not mixed with the filtering air path of the air
being filtered.

The upper portion 20 forming the upper case of the
structure 16 contains a serpentine path for the filtering
air path feeding the ULPA filter and is more fully de-
scribed in connection with FIG. 2 of the accompanying
drawings. The louvers 42 represent the discharge ports
for the air filtering path of the air being filtered.

Referring now to FIG. 2, there is shown a cross-sec-
tional view of the structure 16 illustrated in connection
with FIG. 1 illustrating the lower portion 18 and the
upper portion 20. The flexible hose 34 is connected to
the vacuum intake 36 located in the lowermost portion
16 which forms part of the filtering air path.

Located within the lower portion 18, is a centrally
located high speed motor 50 mechanically connected to
and driving a high capacity vacuum pump 52. The
motor 30 and pump 52 are thermally and acoustically

30

33

45

50
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insulated within the lower portion 18 by means of 60

acoustic baffles 54 that are located on the walls of the
lower container 18 and around the pump and motor.
The filtering air path from the external flexible hose
34 is fed into a plenum chamber 56 which is formed on
the sides by means of acoustical and thermal baffling 58
and on the top by means of baffling 60 and on the bot-
tom by means of baffling 62. The vacuum side 64 of the
pump 52 communicates with the plenum chamber 56 by

63

4

means of a passage way 66 that terminates within the
plenum chamber 56 thereby forming the filtering path.
A screen 68 is located within the plenum chamber 56 in
order to preclude accidental entry of gross foreign ma-
terial into the vacuum portion 64 should the system be
run without the external canister filter 22.

The pump 52 is a high capacity vacuum pump of the
type necessary to draw a sufficient vacuum to produce
the necessary high air velocity within the filtering air

path. The acoustical and thermal filters 54, 58, 60, 62,
76, 78, 84, 86, 90, and 102 are necessary to reduce the
noise of the driving motor 50 and pump 52 which is a
direct result of the action of the high speed motor and
pump and the fact that a substantially high velocity of
air in the filtered air path is generated.

The requirement for a quiet filtering machine is nec-
essary when it is considered that machines of this type
are located in the operating rooms of hospitals and in
other critical areas where surgery takes place.

In the preferred embodiment, a tangential high capac-
ity vacuum pump 52 is used to generate the high capac-
ity vacuum needed to filter the air in the filtering air
path. Unfortunately pumps of this type are known as
“screamers” because of the resulting noise they gener-
ate.

The pressure output side 70 of the pump 52 is fed
through a suitable elbow 72 and through an opening 74
to a first set of baffles 76 and 78. The baffles 76 and 78
are located in the upper section 20 of the airtight struc-
ture 16 which is otherwise isolated from the lower por-
tion 18 by means of a solid reenforcing plate 80 which
serves the dual purpose of reenforcing the connecting
structure between the lower portion and the upper
portion and also physically separates the inside area of
the upper portion 20 from the open area located within
the lower portion 18. This function is very important
since the volume within the lower portion contains
cooling air necessary to maintain the thermal equilib-
rium of motor 50 and pump 52 and the cooling air and
the air being filtered must always be kept separate. The
cooling function will be described more fully in connec-
tion with FIGS. 4 and 5.

In reviewing the baffles please refer also to FIG. 3
which illustrated in exploded form the operation of the
baffles and the construction of the defined plenum ar-
eas. A review of baffles 76 and 78 will show that baffle
76 is located in the lower portion 18, whereas baffle 78
is located in the upper portion 20. The opening 74 is part
of the filtering air path which allows the air being fil-
tered to enter a plenum area 82 formed by an additional
set of baffles 84 and 86. Baffles 84 and 86 also contain an
opening 88 at a point on the baffles that is diagonally
opposite the opening 74 located on baffles 76 and 78.

The filtering air path from the opening 74 into the
plenum chamber 82 provides a plenum chamber of in-
creased volume which causes a reduction in sound en-
ergy. A similar further reduction in sound energy is
caused by the opening 88 feeding the plenum 92.

The filtering air path also defined as a serpentine path
has the unobvious advantage of feeding the air to be
filtered into acoustically lined plenum chambers of in-
creased path length. This action causes a still further
reduction in sound energy, and also permits a more
efficient filtering action by the ULPA filter.

The filtering air path is again diverted by means of
another baffle 90 which has a solid supporting member
91 located over the opening 88 positioned in baffles 84
and 86. The baffle 90 also defines still another plenum
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chamber 92 which has a progressively larger volume
causing further reduction in sound energy and also
reduces entering air velocity at the ULPA filter, opti-
mizing service life of the ULPA filter. In the preferred
embodiment, baffle 90 is cut at an angle thereby leaving
approximately £ of the original baffle in place. Located
above baffle 90 is an ULPA filter 96 which completely
encloses the filtering air path thereby forcing all air
being filtered to pass through the ULPA filter. The
ULPA filter 96 is the final stage in the filtration process
and captures viable and nonviable particles in size down
to 0.12 micron with an efficiency of 99.999%. The fil-
tered air passing through filter 96 is exhausted into
plenum chamber 98 formed by the upper portion of the
ULPA filter 96 and acoustical and thermal barrier 102
which helps define the plenum chamber 98. Suitable
louvers 42 located on the side portions of the upper
cover 20 allow the filtered air to pass back into the
room atmosphere.

By way of review, the filtered air path comprises the
filter cannister 22, the flexible tube 34 feeding the ple-
num chamber 56 which communicates with the vacuum
side of pump 52 which forces the air being filtered
through an elbow 72 and through opening 74 into ple-
num 82, through opening 88 within baffles 84 and 86
and the plenum chamber 92 which communicates with
ULPA filter 96 before allowing the filtered air to pass
through the louvers 42 back into the atmosphere.

Referring again to FIG. 3, there is shown an exploded
view more fully illustrating the baffles and the ULPA
filter located within the upper chamber 20. Plate 80 is a
complete barrier between the lower chamber 18 and the
upper chamber 20. The opening 74 is shown within the
lower baffle 76 and the upper baffle 78 thereby allowing
the filter air path to extend within the plenum chamber
82. The hole 88 located within baffles 84 and 86 allows
the air path to enter and expand within plenum chamber
92 where the air is free to enter and pass through the
ULPA filter 96 before being exhausted into the atmo-
sphere.

The serpentine path results from having openings 74
and 88 located in diametrically opposite corners thereby
allowing the air being filtered to pass into plenums that
increase in volume. It is known that plenums providing
increasing cross-sectional area lower the noise level,
and by decreasing the air velocity, improve the perfor-
mance of the ULPA filter 96. In this manner, the filtra-
tton process is maintained and the noise is controlled
within acceptable limits.

The use of the baffles located around the motor 50
and the pump 52 are used for acoustical control. The
noise control measures require that cooling air be pro-
vided for maintaining the thermal equilibrium of the
motor, the electrical controls and the pump.

Referring now to FIGS. 4 and 5, there is shown a top
view and an elevation view respectively of the lower
portion 18 which more fully illustrates the cooling de-
vices used to maintain the motor 50, the flow control
device 38 and the pump 52 in thermal equilibrium.

By definition, a large capacity motor 50 is necessary
to drive the high capacity vacuum pump 52 needed to
create the vacuum necessary to cause movement of the
air being filtered through the defined filters.

Motors of this size are commonly known as scream-
ers because of the noise that they make when running at
high RPM’s. Since the equipment must operate in an
environment where clear speech communication is es-
sential, such as the operating room of a hospital, it is
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necessary that the complete system operate as quietly as
possible and hence the need for thermal and acoustical
insulation as described in connection with FIGS. 1, 2
and 3. Also, all electrical apparatus when operating at
high power generates heat and in view of the enclosed
environment of the motor 50 and pump 52 it is neces-
sary to provide external cooling air to maintain the
pump, motor, and electrical apparatus in thermal equi-
librium.

Referring now to FIGS. 4 and 5, there is shown how
fresh and cooling air is directed from an outside baffle
110 which pulls in fresh air through tubing 112 and
directs this air to the top-most portion of motor 50.

A second cooling air intake port directs cooling air
from the baffle 110 through a tube 114 that feeds air into
a sealed electrical box 116 that contains the necessary
electrical parts such as flow control device 38 and

switch 36. The box 116 is completely sealed and the

cooling air entering the box from tube 114 passes
through the internal electrical components and is evac-
uated by means of tube 118 which is also connected to
the top-most portion of the pump 50.

F1G. 4 more fully illustrates the fact that underneath
the outer cover of motor 50 is fan impeller 120 directly
driven by the electrical motor 50 which is used to create
a suction for pulling air directly from tube 112 and from
tube 118 thereby causing a flow of air directly into the
motor from tube 112 and at the same time provides a
vacuum for drawing air through the electrical box 116
through tube 114. The air is exhausted through the
motor S0 into a plenum chamber 122 which is defined
by insulation 54 that completely encompasses the motor
50 and the pump 52.

The plenum chamber 122 communicates with louvers
40 located on the side of lower cabinet 18 as more fully
illustrated in FIG. 1. The louvers are not illustrated in
FI1G. 4 since they are on the far side of the cabinet. In
this manner, the cooling air is directed only to the mo-
tor, the electrical components and the pump and then
exhausted to the atmosphere without being contami-
nated with the air being filtered.

In operation, the filtering system is portable and mo-
bile and is easily moved by the users to place the exter-
nal hose in close proximity to the area where the partic-
ulate is being generated.

The pre-filter canister 22 being external to the over
all system is easily removed and disposed of and has the
effect of extending the life of the 0.12 micron ULPA
final stage filter.

The unique design of the multi-stage filtering system

~ allows the use of an ULPA filter to be used in a high

I

635

capacity vacuum system and with a minimum of noise.

The best mode of constructing the invention has been
described with the ULPA filter located on the pressure
side of the pump. The benefits claimed for the invention
can also be achieved by changing the path of the filter-
ing air so that the ULPA filter is located on the vacuum
side of the pump and only the suppressor system com-
prising the serpentine plenum chambers are located on
the pressure side of the pump. In such a system a sepa-
rate cooling air system would not be needed since the
air from the pump would already be filtered and could
be used to cool the motor and the pump directly
thereby resulting in a simpler system.

We claim:

1. A self-contained portable and mobile filtering sys-
tem comprising:
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a self-contained structure containing a thermally and
acoustically insulated, centrally located high speed
motor connected to and driving a high capacity
vacuum pump;

a filtering air path comprising said high capacity
vacuum pump having a vacuum side and a pressure
side for causing a high velocity air flow in said
filtering air path;

an ULPA filter (ultra low penetration air) having a
discharge area on one side and a second side lo-
cated within said structure and connected with said
vacuum pump to form part of said filtering air path;

a plurality of acoustically insulated baffles forming a
serpentine air path located within said structure
intermediate said vacuum pump and said ULPA
filter and connected to form part of said filtering air
path;

said baffles providing an expanding cross sectional
area for attenuating noise generated by said vac-
uum pump and for lowering the velocity of the
filtered air in said filtering air path from said pump
to said ULPA filter;

a plurality of air exhaust ports in said structure lo-
cated in the proximity of said discharge area of said
ULPA filter for exhausting the low velocity fil-
tered air passing through said ULPA filter.

2. A filtering system according to claim 1 which
includes a screen located within said structure and con-
nected to the vacuum side of said vacuum pump for
preventing accidental entry of gross sized foreign mate-
rial from entering said filtering air path. '

3. A filtering system according to claim 1 in which
the plurality of acoustically insulated baffles are sequen-
tially located between the ULPA filter and the vacuum
pump with a first portion of the baffle closest to the
ULPA filter and in which said portion of the baffle
closest to said ULPA filter is removed thereby exposing
a larger cross sectional area in the space between the
baffle and the ULPA filter for allowing the velocity of
the air in the filtered air path to reduce.

4. A filtering system according to claim 3 in which
the baffle closest to said ULPA filter is cut at almost a
45 degree angle and removed thereby exposing an in-
creased area in said filtered air path.

5. A filtering system according to claim 1 which
includes a flexible hose forming part of said filtering air
path and having an open end adapted to be placed in
close proximately to the source of particulate being
filtered and a second end connected to the vacuum side
of said vacuum pump.

6. A filtering system according to claim 5 which
includes a filter cartridge external of said self contained
structure and located in said filtering air path between
said flexible hose and said vacuum pump for removing
particulate larger than 0.5 micron.

1. A filtering system according to claim 1 which
includes separate air cooling intake channels isolated
and insulated from said filtering air path and connected
to said high speed motor for maintaining said motor in
a stable thermal condition: and
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separate air cooling exhaust ports for discharging said
cooling air from said high speed motor outside of
said structure.

8. A self contained portable and mobile filtering sys-
tem according to claim 1 in which said ULPA filter is
located in the filtering path on the high pressure end of
said pump.

9. A self contained portable and mobile filtering sys-
tem according to claim 1 in which said baffles are lo-
cated between said pump and said ULPA filter.

10. A self contained portable and mobile vacuum
filtering system comprising:

a self-contained air tight structure containing a ther-
mally and acoustically insulated centrally located
high speed motor connected to and driving a high
capacity vacuum pump having a vacuum side and a
pressure side;

an ULPA filter having a discharge side and located
within said airtight structure and adapted to re-
~cetve air from the pressure side of said vacuum
pump;

a plurality of acoustically insulated baffles located
within said structure between said vacuum pump
and said ULPA filter for forming a serpentine air
path for filtering air from the pump to said ULPA
filter:

said vacuum pump, acoustically insulated baffles and
said ULPA filter connected together to form said
serpentine air path, and

a plurality of air exhaust ports in said air tight struc-
ture located in the proximity of the discharge area
of said ULPA filter for exhausting filtered air pass-
g through said ULPA filter.

11. A self contained portable and mobile filtering
system according to claim 10 which includes a flexible
hose having a first end and a second end and forming a
part of said filtering path and in which said first end is
adapted to be placed in close proximity to the source of
particulate being filtered; and

a filter cartridge having a first end and a second end
and located outside of said airtight structure capa-
ble of filtering larger size particulates connected to
the other second end of said flexible hose and form-
ing a part of said filtering air path; and in which

said vacuum side of said vacuum pump is connected
through a second flexible hose to the second end of
said filter cartridge and forms a part of said filtering

- air path.

12. A self contained portable an mobile filtering sys-
tem according to claim 10 which includes separate air
cooling intake channels isolated and insulated from said
filtering air path and connected to said high speed
motor for maintaining said motor in a stable thermal
condition; and

separate air cooling exhaust ports for discharging said
cooling air from said high speed motor outside of
said structure.

13. A self contained portable and mobile filtering
system according to claim 10 which includes a screen
located within said airtight structure and connected to
the vacuum side of said vacuum pump for preventing
gross sized foreign material from entering said filtering

air path.
* L * X %
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